For rapid results, we adapted the CarbaNP test by using 5-hour-old cultures; the sensitivity and specificity for detection of carbapenemase production were 100% for non-OXA-producing organisms. The sensitivity from early cultures was 94% for detection of carbapenemase production in Enterobacteriaceae strains. Utilizing younger cultures allows the test to be incorporated into a single day's workflow, facilitating timely patient care and antimicrobial stewardship. C arbapenemase-producing Enterobacteriaceae strains pose significant problems in clinical practice because of limited treatment options (1). Prompt detection of these organisms with current screening techniques, including the modified Hodge test (MHT), growth on selective media, and antimicrobial susceptibility testing, is difficult and time-consuming (2-5). Molecular methods are the gold standard for identification of carbapenemase genes (5, 6), but they are expensive, require technical experience, and are unable to detect novel genes (6). The CarbaNP test is inexpensive, rapid, and easy to perform and interpret; it utilizes imipenem hydrolysis, visualized by a color change, to identify carbapenemase production in Enterobacteriaceae and Pseudomonas species (7-10). In previous publications, isolates were taken from 1-day-old cultures (11) or the age of the culture was not mentioned (7-10). This study aims to determine whether the age of the isolates and the media used affect the ability of the CarbaNP test to detect carbapenemase production.
onto 2 sets of 5% horse blood agar (HBA), MacConkey agar, and ChromID medium. One set of plates was incubated at 35°C in air while the other set was incubated in 5% CO 2 . After 5 h of incubation (5-hour-old cultures), isolates underwent CarbaNP testing. Plates were reincubated to complete a total of 18 to 24 h of incubation (1-day-old cultures) before being retested with the CarbaNP test. Plates were stored at 4 to 8°C for 2 to 3 weeks and then retrieved for a final CarbaNP test. Each isolate was tested in two 1.5-ml Eppendorf tubes containing 100 l Tris-HCl lysis buffer. One calibrated 1-l loopful of 5-hour-old colonies was utilized for suspension, while 3 to 5 well-isolated colonies from 1-day-old cultures or stored plates were used. One hundred microliters of solution A was added to one tube, while 100 l of solution B was added to the other tube. Tubes were then incubated at 35°C and checked for a color change from red to orange/yellow, indicating a positive reaction and carbapenemase production. All tests were performed in triplicate on separate days, and isolates were tested by an investigator who was blinded to the PCR results.
Carbapenemase PCR and CarbaNP results for all isolates are summarized in Fig. 1 . Carbapenemase PCR and CarbaNP results (5-hour and 1-day) for carbapenemase-producing organisms (CPOs) are shown in Table 1 . Using 1-day-old cultures, we found that 45 of the 58 carbapenemase-producing organisms (CPOs) from HBA were CarbaNP positive, with only 2 NDM Klebsiella pneumoniae and 11 OXA isolates remaining negative after 2 h (sensitivity, 78%; specificity, 100%; P Ͻ 0.0001). Using 5-hourold cultures, the CarbaNP test was able to identify 47/58 CPOs taken from HBA (sensitivity, 81%; specificity, 100%; P Ͻ 0.0001) ( Table 1 and Fig. 1 and 2 ). The CarbaNP test was 100% sensitive and specific (P Ͻ 0.0001) when OXA-producing organisms were excluded. The use of 5-hour-old cultures may increase the reliability of the CarbaNP results, as a greater proportion of positive results yielded a distinct yellow color than with 1-day-old cultures. When taken from 5-hour-old cultures, almost all non-OXA CarbaNP-positive isolates (43/45 isolates) were positive by 10 min (Table 1 We also found that the sensitivity of the CarbaNP test varied when isolates were taken from different media, confirming previous reports (19) . From 1-day-old cultures, only 34/58 isolates were CarbaNP positive from MacConkey agar (sensitivity, 59%; specificity, 100%; P Ͻ 0.0001), 45/58 were positive from HBA, and 47/58 were positive from ChromID medium (sensitivity, 81%; specificity, 100%; P Ͻ 0.0001). From 5-hour-old cultures, 47/58 isolates were CarbaNP positive from both ChromID medium and HBA. No differences in the CarbaNP test results were observed for plates that had been incubated at 35°C in air versus 5% CO 2 . Final CarbaNP results after 2 h for the plates stored for 2 to 3 weeks were the same as the results for 1-day-old colonies from the respective media. It should be noted that testing from MacConkey agar is less reliable and should be avoided. We also found that halving the amount of Tris-HCl lysis buffer and reagent solutions to 50 l did not affect the results of the CarbaNP test when we tested PCRpositive (n ϭ 58) and PCR-negative (n ϭ 99) isolates. Given that Tris-HCl lysis buffer is the most expensive component of the reagents, this is an important finding that is particularly relevant for microbiology laboratories in developing countries, where the CarbaNP test would be especially useful.
This study suggests that the CarbaNP test performs well during the growth phase of Enterobacteriaceae strains. A possible explanation for this finding involves altered carbapenemase gene Table 1 for details on carbapenemase PCR-positive isolates. expression during this time. Differences in inocula represent another possible explanation for differences in the performance of the CarbaNP test with 5-hour-old cultures versus 1-day-old cultures, as suggested in a recent report (20) . We note that the original authors have improved the CarbaNP test by using a smaller amount of bacteria (one-fourth to one-third of a 10-l loop) (20) . A limitation of this study is that differences in both culture age and methods of inoculum preparation make it difficult to explain instances in which results differed for the two CarbaNP test methods. We demonstrated the high sensitivity of the 5-hour CarbaNP test across a range of Enterobacteriaceae species producing a number of different carbapenemases. The low CPO prevalence in Australia results in a limited representation of certain CPO types. Additional studies are required to confirm our findings for important CPO types prevalent in other countries.
A strength of our study is that it includes many carbapenemase-negative but non-carbapenem-susceptible isolates, confirming the high specificity of the CarbaNP test (100%) in a lowprevalence setting. In contrast, for our isolates the specificity of the MHT was 49% and specificity of ChromID medium was 39%, in comparison with PCR testing.
Our study confirms the findings of previous studies that showed that OXA producers are more difficult to detect with the CarbaNP test (9) . Other studies did not test OXA-23-like/OXA-51-like, OXA 23, and OXA 24 Acinetobacter baumannii complex organisms, all of which failed to yield positive results in this study. Recently, the CarbAcineto NP test, utilizing sodium chloride, has been developed to better identify carbapenemases in these organisms (21) .
In this study, adapting the CarbaNP test for use with 5-hourold cultures improved the turnaround time for results, in comparison with traditional 1-day-old cultures, and maintained high test sensitivity. Utilizing younger cultures allows incorporation of the test into a single day's workflow, facilitating timely patient care (by guiding antimicrobial therapy), antimicrobial stewardship, and infection control. Rapid identification is possible using matrixassisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF MS), and future efforts may involve reevaluating existing susceptibility methods to determine whether they are reliable when performed with younger cultures, to further improve turnaround time. 
